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ELECTRONIC BALLAST WITH 
OPEN CIRCUIT VOLTAGE REGULATION 

This invention relates to electronic ballasts for gas discharge lamps, and more 
particularly, to an electronic ballast able to regulate open circuit voltage. 

Gas discharge lamps, such as fluorescent lamps, require a ballast to limit the current to 
the lamp. Electronic ballasts have become increasingly popular due to their many advantages. 
Electronic ballasts provide greater eflBciency — as much as 15% to 20% over magnetic ballast 
systems. Electronic ballasts produce less heat, reducing building cooling loads, and operate 
more quietly, without "hum." In addition, electronic ballasts offer more design and control 
flexibility. 

Electronic ballasts must operate with different supply voltages, different types of 
lamps, and different numbers of lamps. Supply voltages vary around the world and may vary 
in a single location depending on the power grid. Different types of lamps may have the same 
physical dimensions, so that different types of lamps can be used in a single fixture, yet be. 
different electrically. An electronic ballast may operate with a single lamp, or two or more 
lamps. The electronic ballast must operate reliably and eflBciently under the various 
conditions. 

One particular challenge is to regulate ballast output voltage when the electronic 
ballast is unloaded, i.e., when there is an open circuit at the ballast output. Operating at the 
electronic ballast's self resonant frequency, the output voltage is extremely high. The high 
output voltage results in severe operating conditions for certain electronic ballast components. 
The current in the half bridge transistors of the resonant half bridge circuit, which drive the 
tank circuit on the electronic ballast ou^ut, are subject to large currents fliat cause the half 
bridge transistors to fail. Electronic ballasts presently regulate ballast output voltage using 
complex, expensive circuits to measure output voltage and process the measured output 
voltage in a microprocessor. The output voltage measurement circuits typically require extra 
components, such as filters, rectifiers, or voltage detection coils, which increase the electronic 
ballast expense. The microprocessor typically requires a number of time consuming steps and 
subroutines to decide if there is an open circuit at the ballast ou^ut, which increases the 
likelihood of component damage while the microprocessor decides if there is a problem. U.S. 
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Patent No. 3,039,921 to Kakitani discloses a discharge lamp lighting apparatus which includes 
a voltage detection coil that monitors voltage applied to a discharge lamp and provides input 
to a central processing unit. U.S. Patent No. 5,925,990 to Grouse et al. discloses an electronic 
ballast with a microprocessor containing a stored program for reducing output voltage when a 
fault is detected. 

It would be desirable to have an electronic ballast with open circuit voltage regulation 
that would overcome the above disadvantages. 

One aspect of the present invention provides an electronic ballast affording open circuit 
voltage regulation using components available in the electronic ballast 

Another aspect of the present invention provides an electronic ballast affording open 
circuit voltage regulation with quick response. 

Another aspect of the present invention provides an electronic ballast affording open 
circuit voltage regulation using a simple, inexpensive circuit 

The foregoing and other features and advantages of the invention will become further 
apparent from the following detailed description of the presently preferred embodiments^ read 
in conjunction with the accompanying drawings. The detailed description and drawings are 
merely illustrative of the invention, rather than limiting the scope of the invention being . 
defined by the appended claims and equivalents thereof. 

Various embodiment of the present invention are illustrated by the accompanying 
figures, wherein: 

FIG. 1 is a block diagram of an electronic ballast with open circuit voltage regulation 
made in accordance with the present invention. 

FIGS. 2 & 3 are schematic diagrams of an electronic ballast with open circuit voltage 
regulation made in accordance with the present invention; and 

FIG. 4 is a flow chart of a method of open circuit voltage regulation for an electronic 
ballast made in accordance with the present invention. 
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FIG. 1 is a block diagram of an electronic ballast with lamp type detennination made in 
accordance with the present invention. The electronic ballast 100 consists of AC/DC 
converter 122, half bridge 124, resonant tank circuit 126, microprocessor 128, regulating 
pulse width modulator (PWM) 130, high voltage (HV) driver 132, error circuit 134, and a 
filament current sensing circuit 138. The AC/DC converter 122 receives the mains voltage 
120 and the tank circuit 126 provides power to the lamp 136. 

The mains voltage 120 is the AC line voltage supplied to the electronic ballast 100, 
such as 120V, 127V, 220V, 230V, or 277V. The mains voltage 120 is received at the AC/DC 
converter 122. The AC/DC converter 122 converts the AC mains voltage 120 to DC voltage 
140, which is suppUed to the half bridge 124, The AC/DC converter 122 typically includes an 
EMI filter and a rectifier (not shown). The AC/DC converter 122 can also include a boost 
circuit to increase the voltage of the DC voltage, such as fi-om 1 80 V to 470V. The half bridge 
124 converts the DC voltage 140 to a high fi-equency AC voltage 142. The resonant tank 
circuit 126 supplies the AC voltage to the lamp 136. The high fi-equency AC voltage typically 
has a fi*equency in the range of 25 to 60 kHz. 

The microprocessor 128 controls the operation of the electronic ballast 100. The 
microprocessor 128 stores and operates on programmed instructions, and senses parameters 
fi-om throughout the electronic ballast 100 to determine the desired operating points. For 
example, the microprocessor 128 sets the AC voltage to different fi^uencies, depending on 
whether the lamp is in the preheat, strike, or run mode, or if no lamp is present The 
microprocessor 128 can control the power conversion and voltage output fi-om the AC/DC 
converter 122. The microprocessor 128 can also control the voltage and fi-equency of the AC 
voltage from the resonant tank circuit 126, by controlling the fi^quency and duty cycle of the 
half bridge 124 through the regulating PWM 130 and the HV driver 132. The error 
circuit 134 compares sensed lamp current 144 and desired lamp current 146 and provides a 
lamp current error signal 148 to the regulating PWM 130 for adjustment of lamp current 
through the regulating PWM 130 and the HV driver 132. 

The filament current sensing circuit 138 detects ballast output voltage at the tank 
circuit 126 and provides a sensed output voltage signal 150 to the regulating PWM 130. The 
regulating PWM 130 uses the output voltage signal 150 to determine if an open circuit exists. 
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Should an open circuit exist, the output voltage is controlled by limiting the duty cycle of the 
resonant half bridge 124 through the regulating PWM 130 and the HV driver 132. 

FIGS. 2 & 3 are schematic diagrams of an electronic ballast with open circuit voltage 
regulation made in accordance with the present invention. 

Referring to FIG. 2, DC power is supplied to the resonant half bridge across high 
voltage rail 200 and common rail 202 by the AC/DC converter (not shown). Transistors Q2 
and Q3 are connected in series between high voltage rail 200 and common rail 202 to form a 
half bridge circuit. The HV driver U4 of FIG. 3 drives the transistors Q2 and Q3 so that they 
conduct alternately. Inductor L5 and capacitor C33 form the resonant tank circuit and smooth 
the output at the junction between transistors Q2 and Q3 into a sinusoidal waveform. For use. 
with a single lamp, the first filament 204 of the lamp 206 is connected across terminals Tl and. 
T2 and the second filament 208 is connected across terminals T5 and T6. When two lamps • 
are used with the electronic ballast, one filament fix)m the first lamp is connected across 
terminals Tl and T2 and the one filament firom the second lamp is connected across terminals 
T5 and T6. The other filaments, one fi^om each lamp, are connected in series or parallel across- 
terminals T3 and T4. 

Referring to FIG. 3, the microprocessor U2 is operable to receive inputs fi-om inside 

and outside the electronic ballast, and to control ballast operation. The microprocessor U2 

determines the desired lamp operating fi^quency and sets the oscillator fi-equency of the 

regulating PWM U3, which drives the HV driver U4. The HV driver U4 drives the transistors 

Q2 and Q3. In one embodiment, the microprocessor U2 can be an ST7LITE2 available jfrom 

STMicroelectronics, the regulatmg PWM U3 can be an LM3524D available from National 

« 

Semiconductor, and the HV driver U4 can be an L6387 available from STMicroelectronics. 
Those skilled in the art will appreciate that the particular components other than the exemplary 
components described can be selected to achieve the desired result 

The error circuit senses lamp current at resistor R58 through capacitor C37. Current 
op amp USA and high conductance ultra fast diode Dl 8 compose a half wave rectifier with 
resistors R60 and R58 controlling gain. The sensed lamp current signal is provided to the 
microprocessor U2 on line 210 and to the error op amp USB. The microprocessor U2 
generates a desired lamp current signal based on inputs and the desired operating condition 
and returns the desired lamp current signal to the error op amp USB along line 212. The error 
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op amp USB compares the sensed lamp current signal and the desired lamp current signal to 
generate a lamp current error signal on line 214, which provides the lamp current error signal 
to the regulating PWM U3. In response to the lamp current error signal, the regulating PWM 
U3 adjusts output pulse width, which adjusts the lamp current by the cycling of the transistors 
Q2 and Q3 with the HV driver U4, When the sensed lamp current signal equals the desired 
lamp current signal at the error op amp USB, the lamp current error signal will zero out and 
the electronic ballast will be in a steady state mode. 

The electronic ballast operates in preheat, strike, and run modes. The preheat mode 
provides a preheat sequence to the lamp filaments to induce thermionic emission and provide 
an electrical path through the lamp. The strike mode applies a high voltage to ignite the lamp. 
The run mode controls the current through the lamp after ignition. 

Referring to FIG. 2, the filament current sensing circuit 224 consists of resistors R53, 
R71, and R72. The filament current sensing circuit 224 is connected in series with the 
resonant capacitor C33 in the tank circuit to the common rail 202. The filament current 
sensing circuit 224 receives the tank current on line 226 and provides a sensed output voltage 
signal on line 228 to the positive current limiting sense input of the regulating PWM U3. The 
negative current limiting sense input of the regulating PWM U3 is connected to ground. The 
tank current on line 226 is proportional to the output voltage across the lamp 206. 

The positive current limiting sense input of the regulating PWM U3 provides a output 
voltage threshold limit for the sensed output voltage signal. When the sensed output voltage 
signal exceeds the ou^ut voltage threshold limit, such as when there is an open circuit at the 
ballast output, the regulating PWM U3 limits the pulse width to a maximum pulse width. This 
limits the output voltage fi-om the electronic ballast and protects the half bridge transistors. 
For an embodiment using an LM3524D regulating PWM av^lable from National 
Semiconductor as the regulating PWM U3, the positive current limiting sense input has a set 
trip level of 200 mV. The individual resistors in the filament current sensing circuit 224 (R53, 
R71, and R72) are sized so that the sensed output voltage signal is below the trip level during 
normal operation and exceeds the trip level if there is an open circuit at the ballast output. 

In operation, the filament current sensing circuit 224 monitors the tank current, which 
indicates the output voltage across the lamp 206. The filament current sensing circuit 224 is 
responsive to the tank current and generates the sensed output voltage signal. The sensed 
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output voltage signal is monitored by the regulating PWM U3. When the sensed output 
voltage signal exceeds the output voltage threshold limit, the regulatmg PWM U3 reduces the 
output pulse width. This limits the PWM drive signal to the HV driver U4, which limits the 
HV drive signal to the half bridge transistors Q2 and Q3 in the resonant half bridge to limit 
and regulate the ballast output voltage. 

Those skilled in the art will appreciate that a niraiber of different circuits and 
components can be used to obtain the sensed output voltage signal representing the ballast 
output voltage and that the circuit is not limited to the example presented above in which the 
sensed output voltage signal is obtained from the tank current. In another embodiment, the 
ballast output voltage can be monitored directly to provide the sensed output voltage signal. 
Direct voltage measurement can be performed with a resistive voltage divider or voltage 
stepdown transformer connected to the resonant tank output. In another embodiment, a 
current transformer is used in place of the sense resistors in the filament current sensing circuit 
224 to measure resonant capacitor current. 

FIG. 4 is a flow chart of a method of open circuit voltage regulation for an electronic 
ballast made in accordance with the present invention. A regulating pulse width modulator 
having an output voltage threshold limit is provided at 250. The output voltage from the 
electronic ballast is sensed to generate a sensed output voltage signal at 252 and the sensed 
output voltage signal is compared to the output voltage flireshold limit at 254. At 256, the 
output voltage is limited when the sensed output voltage signal exceeds the output voltage 
threshold limit. The output voltage from the electronic ballast can be limited by the regulating 
pulse width modulator U3 limiting the pulse width driving the high voltage driver U4, which 
drives the resonant half bridge. In one embodiment, sensing output voltage from the 
electronic ballast comprises sensing tank current. In another embodiment, sensing output 
voltage from the electix>nic ballast comprises sensing output voltage directly. 

While the embodiments of the invention disclosed herein are presently considered to be 
preferred, various changes and modifications can be made without departing from the spirit 
and scope of the invention. The scope of the invention is indicated in the appended claims, 
and all changes that come within the meaning and range of equivalents are intended to be 
embraced therein. 
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CLAIMS 



1. A method for open circuit voltage regulation for an electronic ballast 
5 comprising: 

providing a regulating pulse width modulator having an output voltage 
threshold limit 250; 

sensing output voltage from the electronic ballast to generate a sensed output 
voltage signal 252; 

10 comparing the sensed output voltage signal to the output voltage threshold 

limit 254; and 

limiting the ou^ut voltage when the sensed output voltage signal exceeds the 
output voltage threshold limit 256. 

15 2. The method of claim 1 wherein the limiting the output voltage when the sensed 

output voltage signal exceeds the output voltage threshold limit 256 comprises limiting pulse 
width from the regulating pulse width modulator. 

• * 

3. The me&od of claim 1 wherein the sensing output voltage from the electronic 
20 ballast to generate a sensed output voltage signal 252 comprises sensing tank current. 

4. The method of claim 3 wherein the sensing tank current comprises sensing 
voltage across a resistance between a resonant capacitor and a common rail. 
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5. The method of claim 1 wherein the sensing output voltage from the electronic 
ballast to generate a sensed output voltage signal 252 comprises sensing output voltage 
directly. 



